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Abstract 
Objective: To examine sex differences in the effectiveness of a Stories intervention for teaching 
affect recognition in people with a traumatic brain injury (TBI).  
Setting: Post-acute rehabilitation facilities. 
 
Participants: 203 participants (53 women and 150 men) with moderate to severe TBI were 
screened. 71 were eligible and randomized to one of three treatment conditions: two affect 
recognition conditions and an active control (cognition). This paper examines sex differences 
between the Stories intervention (n=23, 5 women and 18 men) and the cognitive treatment 
control (n=24, 8 women and 16 men). 
Design: Randomized controlled trial with immediate, 3 month and 6 month follow-up post-tests. 
Interventions were nine hours of computer-based training with a therapist.  
Measures: Facial Affect Recognition (DANVA2-AF); Emotional Inference from Stories Test 
(EIST).  
Results: A significant treatment effect was observed for the Stories intervention for women, who 
demonstrated and maintained improved facial affect recognition. In contrast, males in our sample 
did not benefit from the Stories intervention.  
Conclusion: This positive finding for the Stories intervention for females contrasts with our 
conclusions in a previous paper, where an analysis collapsed across sex did not reveal an overall 
effectiveness of the Stories intervention. This intervention warrants further research and 
development.  
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INTRODUCTION 
Emotional functioning is a key part of human experience, with the capacity to recognize 
and respond to the emotions of others a core part of this. There is now a large body of evidence 
that indicates social and emotional functioning varies between women and men [1], which is 
further supported by an even wider body of research illustrating sex differences in brain 
functioning that are “pervasive and robust” in both healthy populations and in pathological 
conditions [p. 2246; 2]. While the neurobiology of sex differences in emotion processing is 
complex and nuanced [3], differential brain activation patterns have been observed in men and 
women in response to stimuli that depict emotion [1,3,4], with (relatively subtle) differences 
appearing early and consistently in course of development [5] and continuing through the 
lifespan [6]. Typically, women in the general population have been shown both to be better at 
recognizing emotional cues, and to express themselves more easily, while men display greater 
responses to potentially threatening stimuli [1]. See [1] for a comprehensive review. There 
remains, however, a ‘paucity’ of data on these important issues [7]. 
One of the hallmark effects of traumatic brain injury (TBI) is disruption to social 
functioning. This difficulty is partly underpinned by problems in a range of emotion recognition 
and social cognition capacities [8], including difficulty identifying emotions from faces [9,10], 
other nonverbal cues [11-13], and from context [14-16], all of which are often significantly 
compromised. 
While sex differences in emotion perception and social functioning have been relatively 
well documented in the general population, we have much more limited data on such sex 
differences after brain injury. Where such data is available, sex differences have not always been 
documented in all areas of functioning relevant to social cognition and communication. For 
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instance, moderate to severe impairment in theory of mind has been consistently demonstrated 
after acquired brain injury, but sex has not been supported to be a moderating variable in this 
area [17], at least to date. However, in the related area of self-perceived pragmatic 
communication capabilities [18] some research examining sex differences found that males 
under-estimated the extent of their difficulties compared to informant ratings—a trend not seen 
in women—suggesting men may have less awareness of the extent of their own difficulties in 
this area after brain injury. Similarly, some studies have found men to be more impaired in 
emotion recognition from faces and in emotional inferencing from context [19]. It has recently 
been suggested that female sex may be a protective factor against emotion recognition 
impairment after traumatic brain injury [20]. However, while some studies have found female 
advantage on a range of dimensions, others have not, and sex differences that may exist in these 
domains of functioning after traumatic brain injury have not been well characterized [19]. 
For both men and women, development of interventions that target relearning such social 
and emotional skills after brain injury are a high priority [21]. Deficits in emotion perception are 
related to more than solely impaired general cognition [22]—the ability to use nonverbal cues 
[23], make accurate interpretation of facial and vocal expressions [24] and infer the likely 
emotional state of others from contextual information are all important [25-27] and are also 
frequently impaired after brain injury. For people with TBI, such deficits are associated with 
both functional difficulties and poor long term social outcomes [21,28-30].  
Given the prevalence [9,31] and potential impact of emotion recognition deficits on 
psychosocial functioning, more research is needed on the development and identification of 
effective interventions targeting these skills in the TBI population [10,11,21,32-34]. A series of 
small studies have examined treatments designed to improve emotion perception after brain 
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injury, most showing positive treatment effects. See Cassell et al. [35] for an excellent review 
and discussion. However, these studies have largely had small sample sizes (ranging from 3-19 
people treated) and methodological limitations, including in particular the lack of a true placebo-
control intervention [21,33,36]. To address this, we previously reported outcomes of an 
international randomized controlled trial of two novel interventions for emotion recognition 
difficulties after traumatic brain injury, which we compared to an active sham-treatment control 
intervention. We randomized 71 eligible participants to treatment. One intervention trained 
emotional inferencing from stories describing relevant contextual information—the Stories 
intervention—while the other intervention was aimed at improving affect recognition from static 
facial expressions—the Faces intervention. Primary outcomes were examined immediately 
following treatment, and at 3 and 6 months post-treatment with measures of facial affect 
recognition and emotional inferencing from stories [37]. In our paper reporting the primary 
outcome of that trial, it was concluded that participants who received the Faces intervention 
significantly improved their facial affect recognition ability, and that this improvement was 
maintained through to the final six-month follow-up [37]. No significant change was found for 
those receiving the Stories intervention when the group was examined as a whole compared to 
the Control group. However, planned subsequent subgroup analyses were planned to examine 
sex differences in response to treatment for a later date.  
Notably, in our former publication of our primary outcomes we discovered that there was 
a significant sex difference between the three treatment groups (P = .04), with more males (only 
one female) randomized to the Faces intervention [37]. To determine whether we should control 
for such demographic variables in the analysis in that paper, we examined potential relationships 
between our measure of facial affect recognition and a story-based emotional inferencing test 
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with sex, education, time post-injury and depression. The facial affect recognition measure was 
not significantly associated with any of these variables (r = .001 to .111; P = .40 to .99). The 
story-based emotion inference test was only associated with sex (r = .276; P = .02) and 
depression at baseline (r = -.239, P = .045), but not the others (r = −.239 to .210; P = .11 to .50). 
Because the strength of these correlations was so small [i.e., in the range r = .26 to .49; 38] these 
variables were not used as covariates when analyzing the overall findings in the original paper. 
Following our original intent to conduct subgroup analyses on sex differences, the 
objective of the further analysis in the current paper was to examine whether participant sex 
might be a determinant of treatment response. In the original trial, a total of 203 participants 
were screened for the full randomized controlled trial and 71 were randomized, including 14 
women.  It should be noted that in our original design we had not blocked by sex in our 
randomization, which resulted in chance allocation of almost all of the females in our sample 
between the Stories intervention (5 females alongside 18 males) and to our Cognitive Control (8 
females alongside 16 males). Just one woman (with 23 males) was randomized to the Faces 
intervention. With only a single female participant randomized to the Faces intervention, 
statistical analysis of the contribution of sex to the outcome of that intervention vs. the control 
condition would be inappropriate. Therefore this paper examines and compares outcomes for 
females and males on the Stories intervention versus our active cognitive control. Our primary 
outcome of interest was change scores from each individual’s baseline score to their post-
treatment average—in particular the difference in these change scores after treatment for control 
participants versus those who had received the Stories intervention. In the absence of specific 
data indicating sex differences in responsivity to affect recognition training, rather than simply 
sex differences in baseline level of functioning, we therefore hypothesized that we would see no 
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difference in response to treatment in our female participants compared to male participants for 
the Stories intervention. 
METHODS 
Design 
An international, multi-center randomized placebo-controlled trial comparing two active 
affect recognition interventions to a sham-control intervention at three post-treatment sessions. 
Research ethics committees from all participating institutions/regions approved this study.  
Participants 
Participants must have sustained a moderate to severe TBI (Glasgow Coma Scale at injury ≤ 12, 
posttraumatic amnesia ≥ 24 hours, or loss of consciousness ≥ 24 hours). Participants were 18-65 
years old, at least 1-year post-injury, and demonstrated sufficient comprehension at screening. 
Additionally, participants had to have impaired facial affect recognition at screening and 
maintain this at pre-test (18-28 days later). Exclusion criteria were TBI prior to eight years of age 
(emotion recognition skills are not sufficiently developed before this age); premorbid 
developmental or acquired neurologic disorder; premorbid major psychiatric disorder; impaired 
vision and/or hearing; and substance dependence at the time of study participation. Participants 
were recruited from the Carolinas Rehabilitation TBI Model Systems Database in North 
Carolina, rehabilitation facilities and support groups throughout North and South Carolina, 
southern regions of Ontario, Canada, and in Wellington and Palmerston North, New Zealand. As 
noted above, a total of 203 participants (including 53 women) were screened for the full 
randomized controlled trial and 71 were randomized including all 14 women. In particular, 23 
participants were randomized to the Stories intervention (5 females alongside 18 males) and 24 
participants to our Cognitive Control (8 females and 16 males). Among participants randomized 
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for treatment, males and females were not significantly different in age, level of education, injury 
severity, age at injury, or length of time since injury (all p > .05; see Table S1 in Supplemental 
Online Materials for means, standard deviations, and F statistics.) Ninety-three percent of 
randomized participants completed treatment. Retention for those who completed treatment was 
98% at immediate post-test, 91% at 3 months post-test, and 83% at 6 months post-test. A 
detailed description of the recruitment and selection processes is reported in the paper that 
previously presented the main results of this trial, along with detailed information about 
participant characteristics, a CONSORT diagram and full discussion of retention [37]. See also 
further discussion below.  
Measures  
This paper presents analysis of primary outcome variables only, to examine any sex 
differences in primary treatment outcomes. Those measures are outlined below. Participants 
were also administered a wider group of tests to evaluate cognition, emotion recognition, mood, 
community integration, neurobehavioral functioning, empathy, relationship support, and 
hyposmia (diminished sense of smell). For further details see the initial outcomes paper from the 
trial [37]. 
Diagnostic Assessment of Nonverbal Accuracy 2- Adult Faces [DANVA2-AF; 39]: The 
DANVA2-AF is a standardized assessment of facial affect recognition with age-related norms, 
that has shown appropriate psychometric properties [39-42] and been used with TBI previously 
[33,41]. Twenty-four static faces were displayed on the computer for 15 seconds and participants 
had to identify the expressed emotion from a list: happy, sad, angry, or fearful. We increased the 
normal presentation time of 2 seconds to 15 seconds because we did not want to confound our 
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results with speed of processing deficits. The DANVA2-AF was also used to determine inclusion 
(impaired facial recognition).  
 Emotional Inference from Stories Test (EIST; Zupan, Neumann, Babbage, & Willer, 
2015): The EIST was developed by the authors to measure participants’ ability to infer emotions 
from written contextual information. Stories were presented on a computer visually and 
auditorily (simultaneously). After a single presentation of each story, participants selected from a 
list which emotion the main character was feeling: happy, sad, angry, or fearful. (See Zupan et 
al., 2015, and Neumann et al., 2014, for a discussion of the two variations of this measure used in 
the study.) 
Interventions 
Interventions were a one-on-one computer-assisted treatment facilitated by a therapist, 
who received approximately 16 hours of training in administering the intervention. Therapists 
had either completed or were currently enrolled in a graduate-level healthcare-related program; 
and/or had experience working with patients with TBI. Therapists who administered the 
treatment were always different from the research assistants who tested the participants. The 
intervention was primarily administered as nine 1-hour sessions, three times a week, for three 
weeks. All participants completed 9 hours of treatment guided by a therapist within a 2-3 week 
timeframe. A brief description of the two treatments that are the focus of this paper follows—see 
Neumann et al. [37] for more detailed descriptions of each treatment.  
 Stories intervention: The Stories intervention taught participants to infer emotions from 
contextual information presented in short stories. The Stories intervention was developed by the 
study authors and was piloted in a previous study [33]. The Stories intervention used three main 
learning concepts: 1) to attend to relevant contextual information provided in the stories and 
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associate these with specific emotions; 2) to increase awareness of one’s own emotions through 
introspection and imitation so participants could use their emotional experience to better 
recognize others’ emotions; and 3) to develop associative knowledge and a better conceptual 
understanding of emotions. A total of 14 short stories were simultaneously presented visually 
and auditorily on the computer. At the end of each story, participants were asked to identify 
characters’ emotions using story context. Difficulty was gradually increased throughout 
treatment by using contextual information of progressive subtlety and using vanishing cues.  
 Cognitive Training Control: This was the sham-treatment control, the purpose of which 
was to control for the one-on-one attention and person interaction participants in the treatment 
groups were receiving, without providing any type of emotion-related training. Participants in 
Cognitive Training played a variety of on-line, publically available computer games that targeted 
speed of processing, visual scanning, attention, memory, reasoning, and problem-solving skills.  
Procedures  
For brevity and to avoid repetition, only an overview of trial procedures is provided here. 
At screening, and again at pre-test 18–28 days later, participants were administered the 
DANVA2-AF and EIST, alongside other measures. After the pre-test session, eligible 
participants were randomized to one of the interventions. Participants were provided the relevant 
treatment as outlined above. They were then re-assessed at three further points: within four days 
of completing treatment; 3 months post-treatment; and 6 months post-treatment. See Neumann et 
al. [37] for fuller details of trial procedures. 
Data Analyses  
To conduct our planned subgroup analysis by sex, we characterized any observed sex 
differences by examining the performance of both males and females in each of our treatment 
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conditions. We computed a Mixed MANCOVA outcome analysis for the Stories intervention vs. 
control group compared by sex, examining the effectiveness of that intervention, and examining 
potential sex×time, sex×group, and sex×group×time interaction effects in our model. Finally, 
means and standard deviations of intervention group performances by sex for our primary 
measures are presented across each of the key assessment points of the study. 
As age-standardized scores were available for the DANVA2-AF, those scores were 
converted to z-scores prior to analysis. An alpha level of .05 was set for all analyses. Screening 
and pre-test scores on our outcome measures were averaged into one baseline score for each 
measure. As previously [37], this baseline score was an additional within-participants covariate 
in examining effectiveness of the Stories intervention versus Control across the three post-test 
assessment points for each dependent variable. Data from all participants was analyzed on an 
intent-to-treat basis. Multiple imputation was used to control for the effects of missing data. 
Missing data on these measures was almost entirely a result of participant drop-out during the 
trial. Of particular relevance here is the retention of women in the Stories and Control groups, 
given small participant numbers in those groups. All five of the women who received the Stories 
intervention returned for post-test and follow-up at three months. (Males receiving Stories 
intervention: 17/18 returned at posttest, 14/18 three month follow-up.) Likewise, five women 
returned at post-test and follow-up for the Control intervention, though this was out of eight 
originally randomized to that group. (Male controls: 16/16 at post-test, 15/16 at three month 
follow-up.) At the six month follow-up, only two of the five women in the Stories intervention 
returned, alongside four of the eight women in the control intervention. (Males: 15/16 for Stories 
and 15/16 for control at six month follow-up.) These missing individuals were retained in the 
analysis using multiple imputation. Fifty imputation datasets were generated. Our previous paper 
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[37] discusses parameter estimates and pooling procedures. SPSS v.22.0.0.0 and v.23.0.0.2 were 
used to conduct the analyses reported in this paper.  
RESULTS 
Primary Outcomes  
Using a mixed design MANCOVA, we examined the effectiveness of the Stories 
intervention compared to our Control condition on each of our two primary outcome measures 
across three post-treatment assessment points (post-test, 3 and 6 month follow-ups), using 
baseline scores on the measure as a covariate. Table 1 presents the full test statistics for these 
analyses. For both analyses, Mauchly’s tests indicated we did not have reason to reject the null 
hypothesis of sphericity, and therefore met the necessary assumptions to use MANCOVA. 
Diagnostic Assessment of Nonverbal Accuracy-2 Adult Faces 
This analysis indicates a significant interaction effect between group (Stories intervention 
vs. Control) and sex on the DANVA2-AF (P=.038; see Table 1). That is, a significant treatment 
effect was observed for the Stories intervention, and this treatment effect was maintained over 
the post-treatment time periods, but there was a significant difference in the treatment responses 
of males and females in our sample to this intervention. There was no main effect of time across 
the post-treatment assessments, and no interaction between group and time, or sex and time. 
-------------------INSERT TABLE 1 ABOUT HERE------------------------- 
Emotional Inference from Stories Test 
On the EIST, a significant main effect of time was observed (P=.001), as previously 
reported in our original outcome analyses, but no significant effect of treatment group nor any 
interaction effects between group, sex and time. The Stories intervention did not lead to a 
significant treatment effect compared to the control condition on the EIST. 
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Group Means and Standard Deviations 
Mean scores for the Stories group and control condition by sex are reported in Table S2 
in Supplemental Online Materials, for each of baseline, post-treatment, and the three and six-
month follow-up periods. 
Observed Pattern of Results 
Figure 1 displays the statistically described relationships between sex and mean outcome scores 
at each of the assessment points, by intervention group and sex. As confirmed in the statistical 
analysis, clear differences are apparent for the women of facial affect recognition on the 
DANVA2-AF in the Control condition vs. the Stories intervention. In contrast, no sustained 
difference is apparent between men receiving the Stories intervention and males in the Control 
condition. While females in the Stories group had a superior post-treatment improvement 
compared to females in the Control group, we also observed a major change in posttest 
performance among women in the Control condition. This trend was not observed in male 
controls, raising the possibility that there may be a much stronger test-retest learning effect for 
women on the DANVA2-AF compared to men. Secondly, mean scores among the five women 
who received the Stories intervention appear differentiated from the performance of the eight 
women in the control condition, and appear different also from males treated in either of these 
two conditions. This is a substantially different pattern to that previously reported in our earlier 
outcome analysis, and is a difference that clearly underlies the significant interaction effect 
between group and sex we reported above. 
-------------------INSERT FIGURE 1 ABOUT HERE------------------------- 
DISCUSSION 
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In our original report of outcomes following this randomized controlled trial we reported 
a positive finding for the Faces intervention on the DANVA2-AF, our primary outcome 
measure, but we concluded at that time the Stories intervention appeared to be ineffective—
participants in the Stories intervention did not perform significantly better than participants in the 
Control Intervention on any of our outcome measures [37].  
In contrast, the current findings provide a different picture, suggesting that females 
respond to the Stories intervention with improved facial affect recognition abilities, and that 
these changes are significantly different to those observed in control participants. Our data 
suggest that this treatment effect could potentially be maintained over six months post-treatment, 
though this possible conclusion is limited by our six month data being based on just two retained 
female participants. The finding is consistent with the findings of our pilot study that preceded 
the currently reported clinical trial, where participants who received the Stories intervention 
showed significant improvement on a measure assessing their ability to infer and label how they 
would feel given a hypothetical scenario [33]. In the current study, our closest measure to that 
domain of functioning is the EIST. However, we did not find a detectable treatment effect on that 
measure in the current sample, and this included not finding a treatment effect on this measure 
for women. As noted in our former publication, while facial affect recognition impairments was 
an eligibility criteria, scores on the stories test was not an eligibility requirement because no 
standard score was available to determine impairment on the EIST. This measure was developed 
for the current research, and it is possible it was not sensitive to the intended construct of 
interest. 
Impairment in emotion recognition and social cognition is well documented after brain 
injury [9], with an encouraging body of research pointing to these deficits as amenable to 
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treatment [35], even if there is much work to be done to determine the most effective and lasting 
approaches to this rehabilitation. As discussed in the introduction of this paper, there is a 
growing body of convincing evidence that sex differences exist in emotion recognition 
functioning [1,3,4], that these begin early in the lifespan [5], and continue throughout life [6]. 
Building on the recent suggestion that sex may be a protective factor from development of 
emotion recognition difficulties after brain injury [20,44], and may affect responsivity to 
treatment in other domains such as executive functioning [44], our analysis suggests that sex 
may also play a role in responsivity to treatment for emotion recognition difficulties. 
Of great interest for future research, therefore, is to further elucidate the mechanisms that 
underpin generalization from training in recognizing emotions through contextual cues, to 
demonstrating improved performance on a measure of facial affect recognition in photographs, 
with particular attention to sex differences. As described earlier, our Stories intervention 
employed three learning strategies: 1) attend to relevant contextual information (e.g., characters’ 
beliefs, expectations, actions); 2) generation and introspection of personal emotional experience 
(e.g., what an emotion feels like); and 3) creating a deeper associative knowledge regarding 
emotions. Future research could examine which aspects of the training facilitated female 
participants’ ability to generalize this affective knowledge to facial expressions. Learning which 
strategies most facilitated the outcomes for females may provide more insight into the underlying 
mechanism contributing to the generalization of training focused on contextual information to 
recognition of facial emotion expressions. Perhaps males could also generalize training if 
provided with different strategies, or if given a more explicit association between the various 
affective cues. Determining what potential advantages females may have had that facilitated their 
generalization of affective information from context to faces would be enlightening.  
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In our original outcome report, we recommended that the Stories intervention not be 
dismissed prematurely and continue to be studied, as the ability to anticipate and label one’s own 
emotions, a key mechanism targeted in this treatment arm, is an important precursor for 
recognizing and labelling others’ emotions. The current findings further support the conclusion 
that the Stories intervention has merit and warrants further development alongside the Faces 
intervention. 
Strengths and Limitations 
In hindsight, our approach in our previously published analysis which used Spearman 
correlations to determine whether to include demographic variables as covariates in our main 
outcomes analysis for this trial had weaknesses. In particular, that approach considered only the 
linear relationship between potential covariates and the main outcome of interest, and would not 
account for possible interaction effects that may be present in the data, as indeed have been 
observed in this subsequent more detailed analysis we have presented here. 
We observed a lower proportion of screened women meeting the treatment eligibility 
criteria than men. (Just 26% of screened women vs. 38% of screened men.) It has been suggested 
that sex may be a protective factor against developing emotion recognition difficulties after brain 
injury, and the current observation regarding eligibility rates may reflect this [20]. This study 
also had fairly low statistical power and would not have been able to detect more subtle effects. 
Future studies would be strengthened through having a larger sample size and having equal 
numbers of females and males in each treatment arm. There is a paucity of studies examining sex 
differences in brain research in general [2], and brain injury research in particular. We look 
forward to further studies adding such analyses to the literature. 
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The current study could provide us only with information on sex differences for one of 
our two interventions, although we know from our previous analysis that men responded 
positively to the Faces intervention. As women respond positively to the Stories intervention and 
men do not, it is possible that a similar sex difference is observed for the Faces intervention—
perhaps women may likewise respond with a greater (or lesser) treatment effect for the Faces 
intervention than men. Presently, we simply lack information on the response of women to the 
Faces intervention. By design, the two interventions incorporate a number of shared factors, and 
it may be that as such interventions are refined further, the evidence will ultimately indicate a 
combination of their currently unique elements is the most effective approach for both men and 
women. As we have previously recommended, further research is also needed to examine the 
broader effects of these treatments on social and emotional capacity in functional contexts 
[31,32,37]. Alongside this, the evidence available is sufficient to recommend thoughtful 
implementation of these interventions into clinical practice. We are now beginning to see the 
first independent publications examining implementation of these interventions into practice 
[e.g., 45]. 
CONCLUSION 
 We concluded in initially reporting on our trial outcomes that we had demonstrated that 
the Faces intervention was effective at teaching participants, who were on average 11 years post-
TBI, to better recognize emotions from facial expressions after just three weeks [37]. We now 
add to that conclusion the further finding that our Stories intervention also appears to be effective 
in teaching female participants to recognize emotions from facial expressions. This was 
maintained at three months follow-up, and in the two females retained through to six-month 
follow-up the effect continued to be observed. In identifying clear sex differences in response to 
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the Stories intervention after brain injury, this paper highlights the importance of a greater 
understanding of how and why emotion recognition difficulties themselves may differ between 
men and women after traumatic brain injury.   
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Table 1. Comparisons on outcomes for Stories intervention vs. Control by Sex.  








F1,30 = 5.86; P = .022; partial ƞ2 = 0.16 
F1,60 = 6.52; P = .016; partial ƞ2 = 0.18 
F2,60 = 1.86; P = .164; partial ƞ2 = 0.06 
F2,60 = 0.45; P = .641; partial ƞ2 = 0.02 
F2,2 = 0.41; P = .664; partial ƞ2 = 0.01 
F1,30 =4.71; P = .038; partial ƞ2 = 0.14 
F2,60 =0.35; P = .704; partial ƞ2 = 0.01 
F1,42 = 3.58; P = .113; partial ƞ2 = 0.08 
F1,84 = 6.07; P = .058; partial ƞ2 = 0.12 
F2,84 = 9.41; P = .001; partial ƞ2 = 0.18 
F2,84 = 1.35; P = .365; partial ƞ2 = 0.03 
F2,2 = 0.94; P = .459; partial ƞ2 = 0.02 
F1,42 = 0.34; P = .663; partial ƞ2 = 0.01 
F2,84 = 0.27; P = .785; partial ƞ2 = 0.01 
Note: All analyses examine three post-treatment assessments—post-test, 3 month and 6 month 
follow-up—with baseline performance as a covariate. DANVA = Diagnostic Assessment of 
Nonverbal Accuracy-2 Adult Faces. EIST = Emotional Inference from Stories Test. 
Supplemental Online Material 
Table S1. Demographic variables by sex for randomized participants. 
 Male Female   Difference 
 Mean (SD) Mean (SD)  
Age 41.40 (10.63) 38.33 (12.69) F(1,70)=0.871, P=.354 
Education, in years 12.88 (2.52) 11.67 (1.41) F(1,59)=1.967, P=.166 
Injury severity* 2.98 (0.13) 2.93 (0.27) F(1,68)=0.874, P=.353 
Time since injury, in years 10.84 (8.74) 8.44 (6.37) F(1,70)=1.178, P=.281 
    
Note: * Injury severity coded as 1=Mild, 2=Moderate, 3=Severe. All participants experienced moderate 
or severe injuries. 
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Table S2. Outcome measure means and standard deviations at baseline, post-test, and follow-up 









Diagnostic Assessment of Nonverbal Accuracy-2 Adult Faces 
Males 
Stories -1.75 (0.77) -1.08 (1.13) -1.36 (1.56) -1.31 (1.23) 
Control -2.21 (0.87) -2.02 (1.29) -1.76 (1.41) -1.97 (1.11) 
Females     
Stories -1.97 (0.72) -0.03 (0.73) -0.19 (0.92) -0.29 (1.02) 
Control -2.21 (0.98) -1.08 (1.57) -1.25 (1.35) -1.68 (1.79) 
Emotional Inference from Stories Test 
Males 
Stories 7.54 (2.16) 8.54 (2.32) 8.83 (2.51) 8.25 (3.17) 
Control 7.50 (2.03) 8.31 (1.54) 8.04 (2.60) 6.91 (3.04) 
Females 
Stories 9.20 (2.56) 10.80 (1.30) 11.00 (1.23) 11.02 (2.11) 
Control 8.31 (2.63) 10.09 (2.02) 9.31 (2.82) 8.62 (3.27) 
Note: Table displays pooled means and standard deviations across 50 imputation datasets. 
DANVA Faces scores are Z scores. 
 
